In a recent study of the utilization of the nitrogen of hydroxylamine and of oximes by Azotobacter vinelandii, Novak and Wilson (1948) observed that, although this organism would not grow in the presence of free hydroxylamine, the inhibition disappeared after 2 to 3 days of incubation. Preliminary investigation indicated that this response arose from decomposition of the free base to nontoxic products presumably including ammonia rather than from adaptation of the organism to the source of nitrogen. Quantitative study of the properties of hydroxylamine in aqueous solution has verified this interpretation and has allowed investigation of the possible utilization of the free base or its salts when present in noninhibitory concentrations.
In a recent study of the utilization of the nitrogen of hydroxylamine and of oximes by Azotobacter vinelandii, Novak and Wilson (1948) observed that, although this organism would not grow in the presence of free hydroxylamine, the inhibition disappeared after 2 to 3 days of incubation. Preliminary investigation indicated that this response arose from decomposition of the free base to nontoxic products presumably including ammonia rather than from adaptation of the organism to the source of nitrogen. Quantitative study of the properties of hydroxylamine in aqueous solution has verified this interpretation and has allowed investigation of the possible utilization of the free base or its salts when present in noninhibitory concentrations.
METHODS
Essentially the same methods as those described by Novak and Wilson (1948) were used except that when total cell nitrogen was less than 50 micrograms per sample the microdiffusion technique of Conway and Byrne (1933) Confirmation of the noninhibitory concentration was obtained by inoculating Burk's medium containing varying quantities of hydroxylamine. When growth became visible, the cells were removed by centrifugation and the supernatant was analyzed for hydroxylamine. An average value of 1.5 ,ug per ml was obtained. Finally, it was demonstrated that this inhibition is not specifically related to nitrogen fixation since the effect of hydroxylamine on the assimilation of ammonium nitrate in either air or the H2-02 atmosphere is quantitatively identical with its effect on fixation of molecular nitrogen.
Products of decomposition of hydroxylamine. Our explanation of these findings is that in Burk's medium hydroxylamine slowly decomposes to form ammonia. If alkaline, ammonia is readily lost so that the reaction can go almost to completion, but the recovery of nitrogen is not quantitative. Usually, at pH 7.5 only about 15 per cent of the nitrogen of the hydroxylamine that disappears is found in the cells. Blom (1928) suggests that in alkaline solution the decomposition is:
3 NH2OH -> N2+ NH3 + 3 H20 Bodenstein (1941) , studying the decomposition of the solid base, proposed several modes of decomposition, one of which produces ammonia: 4 NH20H -N2+ 2 NH3+ 3 H20 The results summarized in table 2 show that at pH 4.0 the recovery of ammonia roughly agrees with Bodenstein's equation; at pH 6.8 with that of Blom. At pH 7.5 only about 15 per cent of the hydroxylamine appears as ammonia, probably because of loss at the alkaline reaction, a factor that might also be operative to some extent at pH 6.8. It is not possible, therefore, to state which type of decomposition obtains in these dilute solutions without identification of the other gaseous product, a course not readily feasible with the small quantities of gas liberated.
After 21 days those cultures that contained less than the inhibitory concentration of hydroxylamine were inoculated with A. vinelandii. Growth occurred without a period of lag, and the nitrogen recovered in the cells was equal to the estimated ammonia.
Utilization of hydroxylamine in noninhibitory concentrations. The possibility that hydroxylamine can be assimilated by the azotobacter if present in noninhibitory concentrations has not been excluded by our previous studies. In our laboratory Machata and Novak first tested this possibility using a preparation of hydroxylamine synthesized from ammonium chloride containing about 1.5 per cent of N15. One ml of a solution of an oxime or of ammonium chloride containing 1 mg N per ml was added to 19 ml of Burk's N-free medium, which was then inoculated with a heavy suspension of A. vinelandii. The oxime of oxalacetic acid contained 0.25 per cent free hydroxylamine and that of a-ketoglutaric acid, 0.69 per cent. The presence of the free base in equilibrium with the oxime should supply a constant low level of labeled hydroxylamine. Since the nitrogen in these oximes is not available to azotobacter (Novak and Wilson, 1948 ) the appearance of N15 in the cells could indicate utilization of NH20H-N. In addition, a culture containing 3 ,ug per ml of the labeled material was also included. After incubation for 3 days at 30 C in a H2-02 atmosphere, the percentage of excess N1' found in the cells was: oxime of oxalacetic acid, 0.079, 0.126; oxime of a-ketoglutaric acid, 0.096; hydroxylamine, 0.049; ammonium, 0.856. Although not impressive in comparison with the ammonium control, the gains for the other sources of nitrogen are significant with the possible exception of the hydroxylamine alone; the total concentration of labeled compound here was so small, however, that a larger increase could not be expected. By themselves, these data support the view that NH20H-N is available, but in view of our other results a more likely explanation appears to be that the labeled nitrogen in the cells came from ammonia arising from the decomposition of free hydroxylamine. If this is so, then the isotopic method is not reliable even for the test of the uptake of either free hydroxylamine or its oximes, much less to make the critical experi-
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[VOL. 57 on October 25, 2017 by guest http://jb.asm.org/ Downloaded from HYDROXYLAMINE AS SOURCE OF NITROGEN ments with labeled sources of nitrogen that helped to establish ammonia as an intermediate (Burris and Wilson, 1946) . Fortunately, it has been possible to test the direct utilization of hydroxylamine in conventional growth experiments. Very low concentrations of hydroxylamine were used in the acid range for growth of A. vinelandii. After incubation for 20 hours at 30 C the decomposition of hydroxylamine was 15 per cent or less. Controls supplied NH4NO3-N at the same levels established that under these conditions growth was sufficient to be detected by a turbidimetric method. As the results in table 3 illustrate, the turbidity of the cultures supplied hydroxylamine was the same as that of the controls, whereas the turbidities of the corresponding cultures given ammonium nitrate definitely increased with increase in the concentration of the source of nitrogen. Furthermore, in the toxicity controls of varying concentrations of hydroxylamine plus 42.4 ,ug NH4NO%-N, no additional effect was found over that for this level of ammonium nitrate alone. The even lower value of the culture containing 2 ,ug per ml hydroxylamine arises from the fact that inhibition begins at this level. These results confirm those reported by Burk and Homer (1935) and obtained in short-time microrespirometer experiments. The agreement between two widely differing independent methods supports the conclusion previously advanced (Burk and Homer, 1935; Noval and Wilson, 1948) 
